I. INTRODUCTION
Synthetic dyes have been broadly used in many industries, especially in textiles. Large amounts of chemically different dyes generated by the textile industry are discharged to the environment and they become a major concern in wastewater treatment, since most synthetic dyes have complex aromatic structure which are largely toxic, mutagenic, carcinogenic and biodegradable difficulty [1] . Furthermore, they damage the esthetic nature of water and reduce light penetration through the water's surface, and also the photosynthetic activity of aquatic lives. Among these dyes, azo, anthraquinone and indigo are the major chromophores which are found in commercial dyes [2] . Decolorization by conventional wastewater treatment is inefficient. The physical and chemical treatments such as precipitation, photo degradation, adsorption and chemical degradation are costly, time-consuming and often methodologically demanding [3] .
At present, a number of studies have focused on white rot fungi which have the capability to degrade various xenobiotic compounds including dyes since they produce some of the extracellular ligninolytic enzymes such as lignin peroxidase, manganese peroxidase and laccase [4] . The enzymatic treatment is simple and more flexible than the use of fungi cultures. Laccases have been received a great attention due to theirs efficiency and low cost degradation of the organic pollutants including synthetic dyes [1] .
Laccase is a multi copper oxidase and be capable of catalyzing the oxidation of a wide range of phenolic compounds and aromatic amines through the reduction of molecular di-oxygen to water [5] . Due to their ability to oxidize broad substrates, laccases have been extensively applied in several fields, such as decolorization of dyes, degradation of xenobiotics, pulp and paper industry, denim bleaching, food industry and organic synthesis. The capability of many microorganisms (fungi, insects and bacteria) on laccase production has been reported. The recent studies indicate that most fungi, especially white rot fungi, produce high yields of extracellular laccase [6] . Laccase production can be considerably stimulated by the presence of a wide variety of inducing substances, mainly aromatic or phenolic compounds related to lignin or lignin derivatives. In addition the effect of copper on stimulating laccase production has been reported especially in several Trametes spp [7] .
In this study, the enzyme laccase was extracted from white-rot fungus Lentinus polychrous. The production of laccase stimulated by copper was explored. In particular, this work aimed to study the capability of crude laccase on decolorizing different dye groups. Seven synthetic dyes (i.e. Reactive Black 5, Reactive Orange 16, Reactive Green 19, Methyl Orange, Indigo Camine, Acid Blue 80 and Water Blue) were tested. Although the capabilities of laccase from L. polychrous on decolorization have been reported for a number of dyes such as RBBR, Bromophenol Blue, Methyl Red, and Congo Red [8, 9] , no kinetics analysis has been presented. In this paper, kinetics of crude laccase on Acid Blue 80 and optimum pH for decolorization were then investigated.
II. EXPERIMENTAL

A. Fungi and Culture Conditions
The fungus L. polychrous was obtained from Rujira Farm, Kalasin, Thailand. The strain was maintained on potato dextrose agar (PDA) plates at 4 0 C and sub-cultured at least every 3 months.
Corn husk, rice bran and rice husk were used as mixed solid media for laccase production. The ratio of corn husk, rice bran and rice husk was 1:1:1 and the moisture content were controlled at 65% (w/w). 2 mM of CuSO 4 were added to the media in order to stimulate the production of laccase. Culture media were then sterilized at 121 0 C for 15 min. Five agar plugs of an active fungus on PDA were aseptically cut and inoculated into the production media. The fungi were cultivated at 28 0 C in the dark for 20 days. 
B. Crude Laccase Extraction and Laccase Activity
Crude laccase enzyme was prepared using water extraction. A 3:1 ratio of water and media was used for extraction. The mixed solution was filtered through miracloth and centrifuged at 4,000g for 10 minutes. The supernatant was defined as crude laccase and kept at 4 0 C for further study. Laccase activity was determined following the change in optical density at 420 nm using 2, 2′-azino-bis (3-ethylbenzthiazoline-6-sulfonate (ABTS) as a substrate ( = 36,000 M cm). Briefly, the assay mixture consisted of 0.1 M acetate buffer pH 4.5, 10 mM ABTS and enzyme. The mixture was incubated at 32 0 C for 10 min and stopped the reaction with 50% (w/v) TCA. One unit of enzyme was defined as the amount of enzyme required to oxidize 1 µmol ABTS per minute. All assays were carried out in triplicate.
C. Effect of Salts and EDTA on Laccase Activity
The effect of salts on laccase activity was tested with NaCl, Na 2 SO 4 and Na 2 CO 3 . All salts including EDTA were used at a final concentration of 5, 10 and 50 mM. The reaction mixture consisted of 100 mM acetate buffer pH 4.5, 10 mM ABTS and 0.125 U/ml of crude laccase.
D. Decolorization Assay
Three structural groups of dyes (azo, indigoid and anthraquinone) were selected in this study. All dyes (Reactive Black 5, Reactive Orange 16, Reactive Green 19, Methyl Orange, Indigo Camine, Acid Blue 80 and Water Blue) were purchased from Sigma-Aldrich. The stock solution of dye was prepared by dissolving in distilled water. The desired dye concentration was prepared from the stock solution by dilution.
The reactions were carried out directly in the spectrophotometer cuvette. The reaction mixture consisted of crude laccase and an aqueous solution of dye in phosphate buffer pH 7.0 in a total final volume of 3 ml. The cuvette was then inverted using paraffin as a cover, in order to achieve the homogeneity of the mixture prior to the measurement. Decolorized activity was determined by monitoring the decrease in absorbance on a spectrophotometer at a maximal absorbance of each dye (360-630 nm) and expressed in terms of percentage. All experiments were done in triplicate. Controls contained the individual dyes solution with inactive enzyme.
E. Effect of Initial Dye and Laccase Concentration on Acid Blue 80 Decolorization
The effect of Acid Blue 80 concentration on the enzymatic decolorization was monitored with different concentrations ranging from 20 to 140 mg/l in acetate buffer pH 5.0. The crude enzyme was used at 0.125 U/ml. To test the effect of enzyme quantity, reaction was started with different quantities of enzyme (0.003, 0.006, 0.012, 0.025, 0.062 and 0.125 U/ml). The dye concentration was fixed at 20 mg/l in buffer pH 5.0. The reaction was carried out at room temperature.
F. Effect of pH and Temperature on Acid Blue 80 Decolorization
The effect of pH on decolorization was tested at different pHs ranging from 2 to 9. The pH of reaction mixture was adjusted by citrate-phosphate and Tris-HCl buffer. To determine the effect of temperature on Acid Blue 80 decolorization, the reaction mixture (pH 5.0) was incubated under a temperature range between 30 and 60 0 C. The concentration of crude enzyme was controlled at 0.125 U/ml.
III. RESULTS AND DISCUSSION
A. Laccase Production
The production of extracellular laccase from L. polychrous in the presence of Cu 2+ was studied (Fig. 1) . L. polychrous cultured in natural medium with and without copper was able to produce laccase. During the first week of cultivation, small amounts of laccase were produced (data not shown). The enzyme activity increased obviously after 7 days of cultivation. The presence of Cu 2+ in the medium slightly increased the level of laccase activity. The highest laccase activity (145 U/L) was obtained in medium with copper. Laccase production in the absence of Cu 2+ gave maximum on 14 th day (103 U/L) while in the presence of Cu 2+ was on 12 th day. It is found that in the presence of inducers many white rot fungi can produce high amounts of laccase into the medium. This study shows that copper induces laccase production of L. polychrous. Similar inductive effect of Cu 2+ on laccase production has been reported earlier in P. ostreatus [10] and T. trogii [2] , [11] . Zheng et al. [12] indicated that copper could act as an inducer of enzyme activity by affecting the genetic transcription levels in which along with more copper involved in McoA-laccase synthesis. However, copper requirements are usually satisfied at very low concentrations. The presence of 4 mM CuSO 4 inhibited the growth of P. hauseri and the cells were almost killed at 4.5 mM CuSO 4 [12] . 
B. Effect of Salts and EDTA on Laccase Activity
In addition to dyes, high concentrations of salts have been found in textile industrial effluents and their presence can affect enzyme activity. In this study, the effect of salts and EDTA on laccase activity was tested at various concentrations, namely 5, 10 and 50 mM. It can be seen in Table 1 that laccase activity was significantly inhibited when high amounts of sodium chloride were added. While in the presences of 50 mM of both Na 2 SO 4 and Na 2 CO 3 enhanced the activity. A similar behavior of NaCl on laccase activity was mentioned in laccase from Ganoderma lucidum [13] .
EDTA, an organic compound used in many manufacturing processes, decreased laccase activity at high concentration. An inhibition by EDTA was also reported in the laccase from Trametes versicolor [14] and Pseudomonas desmolyticum [15] , Bacillus sp. ADR [16] . 
C. Dye Decolorization by Crude Laccase
In general, the efficiency of decolorization depends on the structure of dye and the redox-potential of the enzyme [17] . The ability of crude laccase from L. polychrous to decolorize various structural dyes was examined. Several azo (Reactive Black 5, Reactive Orange 16, Reactive Green 19, Methyl Orange) indigoid (Indigo Camine) and anthraquinonic dyes (Acid Blue 80, Water Blue) were used in this experiments. These dyes were tested at pH 5.0 where the enzyme performed a great activity to ABTS (acidic condition). The decolorization obtained at 120 min showed different percentages in each case. The anthraquinonic Acid Blue 80 and Water Blue were largely decolorized (up to 85% and 30% respectively) comparing to other dye groups. Indigo Carmine was decolorized only 20% whereas less than 10% decolorization of all the azo dyes was achieved. These results indicate that crude laccase decolorizes anthraquinonic dye more efficiently than other dye groups. Similar trends of dye decolorization on three structural groups were observed for crude laccase from Trametes trogii [2] and immobilized laccase from Trametes versicolor [18] . Ciullini et al. [2] explained that laccases show substrate specificities and the chemical structures of the dyes due to the differences in electron distribution, charge density and steric hindrances. Azo dyes are very recalcitrant as they have been developed to withstand bleaching by UV-light and detergents. Therefore, decolorization rate of azo dyes can be improved by the addition of some soluble redox mediators.
D. Effect of Initial Dye and Laccase Concentration on Acid Blue 80 Decolorization
The effect of Acid Blue concentration on decolorization was investigated by increasing the dye concentration from 20 to 140 mg/l. The enzyme decolorized dye up to 85% in 180 min when the concentration used was below 50 mg/l. The percent of decolorization decreased at higher dye concentrations (data not shown). The correlation between decolorization rate and dye concentration followed the Michaelis-Menten behavior. Good linearity was observed by Lineweaver-Burke plot, with regression values of 0.97 (Fig.  2) . The apparent K m and V max values of crude laccase were 0.36 mM and 0.0017 mM/min respectively. The V max shows the maximum rate of reaction, which occurs when laccase is completely saturated with dye. The K m value indicates a measure of the dissociation of laccase-dye complex. Michniewicz et al. [19] reported that the K m values for dye oxidation varied depending on dyes and these K m values of purified laccase were lower than of the crude laccase, which indicated a higher affinity of the purified enzyme to the dye. The effect of enzyme concentration on decolorization was determined by increasing laccase activity from 0.003 U/ml to 0.125 U/ml with dye concentration of 20 mg/l. The ability of dye decolorization increased with enzyme concentration. Plotting of initial rate versus enzyme concentration indicated that rate of decolorization within 10 min reaction seemed to be linearly proportional to the enzyme concentration when using enzyme up to 0.025 U/ml (Fig. 3) . The reaction rate slowly increased at enzyme concentration of 0.062-0.125 U/ml. The progress curve shows a hyperbolic form. The reaction rate tends to almost reach a maximum rate when higher enzyme concentration is used. 
E. Effect of pH and Temperature on Acid Blue 80 Decolorization
The effect of pH on decolorization of Acid Blue 80 was monitored at pH ranging from 2 to 9 at 30 0 C (Fig. 4) . The pH has a major effect on the efficiency of dye decolorization. The profile showed maximum decolorization efficiency around pH 5.0. Then laccase decolorization activity started to decrease sharply and less than 5% decolorization was observed at pH above 8. In general, laccase enzyme tends to react differently to pH with different types of dyes. Other polychrous.
The effect of temperature was examined by incubating the reaction mixture at temperatures between 30 and 60 0 C. The initial reaction rate increased with increasing the temperature. However, enzyme deactivation occurred when the temperature was further increased. The effect of temperature on enzyme kinetics is often described by the Arrhenius equation. Then Arrhenius plot between Log of initial reaction rate and 1/T was established. Activation energy was calculated from a slope equal to -Ea/2.303R. The correlation of the data provided a straight line. Therefore, activation energy for crude laccase on decolorization of Acid Blue 80 was 14.25kJ/mol. 
IV. CONCLUSION
Laccase production was increased in the presence of copper and reached a maximum activity of 145 U/ml on 12 th day of cultivation. The decolorization of several dyes by crude laccase from L. polychrous was determined. Among the seven dyes, crude laccase had an obvious potential to decolorize anthraquinonic dye. Acid Blue 80 was decolorized about 85% in 120 min. In addition laccase activity and initial Acid Blue 80 concentration affect the performance of decolorization and the reaction kinetics can be satisfactorily followed Michaelis-Menten model. The most suitable pH for Acid Blue 80 decolorization was at pH 5.0. The initial decolorized rate increased with temperature (30-60 0 C). The activation energy of crude laccase was 14.25kJ/mol. It can be concluded that crude laccase from L.polychrous is an effective enzyme for decolorization especially anthraquinonic dye. The application of this enzyme on real treatment of textile effluents should be further study. studies reported [8] , [9] , [18] optimum pH of laccase from L. polychrous on decolorization of RBBR, Bromophenol Blue, Methyl Red, and Congo Red were at pH 3.0, 4.0, 4.0-5.0 and 6.0-7.0, respectively. These results show that laccase from L. polychrous prefers acidic condition for dyes decolorization and laccases from other whit-rot fungi for example Ganoderma lucidum [13] and Trametes trogii [1] exhibite great activity at acidic condition as well. Grassi et al. [1] mentioned that the limitation for the use of white-rot fungal enzymes for dye decolorization was their acidic pH range of activity.
